tracted while others are not, and the tracts and block groups in the portions of counties which are tracted may be split by, rather than nesting into minor civil divisions. Finally, again using the example of Virginia, the Census Bureau recognizes three kinds of 'places': independent cities, incorporated towns, and 'census designated places' or unincorporated towns. Places, also, may or may not nest within a given minor civil division. (See Figure 2a) .
Considering the full range of relationships indicated in Figure 2a , it is clear that the hierarchical model is inadequate to fully describe the relationships that actually exist. A next step in HBDS methodology is to find commonalities in some of these relationships and, in so doing, to simplify the structure to present a clear, more generalized view of the phenomenon. In Virginia, where cities are independent of counties, counties and cities have many equivalent relationships and may thus be treated, for some purposes, as a 'hyperclass' -a set of classes whose objects may each verify the same relationships with objects of other classes in the system. Counties and cities share the same relationships with the state as a whole and with tracts and places (viewing the independent city as both a 'place' and as the county equivalent it nests within, in accordance with Census Bureau usage). Counties and cities thus form a 'hyperclass' and the relationships of inclusion between them and certain higher and lower order geographic units are 'hyperlinks'.
The twin relationships 'split by' or 'nests in' apply to tracts, block groups and places in relation to minor civil divisions. Tracts and places thus form a hyperclass in their relationships to cities and counties on one hand, and minor civil divisions on the other hand. The relationships 'split by' or 'nests in' can be subsumed under the HBDS concept of 'multilink', thereby further simplifying the diagram. The multilink between minor civil divisions and tracts and places, the latter being a hyperclass, would be termed a 'hypermultilink'. The power of the HBDS model can begin to be understood when one realizes that, with relatively little effort, the 16 relationships indicated in Figure 2a have now been reduced to only 8, as shown in Figure 2b . While the diagram has been simplified, none of the information concerning the relationships among the various geographic units has been lost in the process. 
RELATIONSHIP TO THE ROAD NETWORK
The road network relates to Census geography in that it forms the boundaries of Census units. However, not all Census areas are bounded by roads: rivers, railroad lines, utility rights-of-way, invisible administrative boundaries, and other features are also used. Bouille (1980: Figures 9-11) has already solved the analogous problem of relating administrative entities to administrative boundaries. Following his initial model, all of the Census geographic units shown in Figure 2 can be considered a hyperclass, related to a second hyperclass of Census area boundaries. (These constitute hyperclasses because, for example, a census block boundary may also be part of a county boundary, and in general all types of boundary lines potentially help define the limits of all types of Census geographic units. (See Figure 3a) . Considering that the road network is but one element of the various features used to define Census boundaries, the problem of relating Census geography to the road network can easily be solved by introducing a third hyperclass of features from which the various kinds of Census boundary lines are selected, as shown in Figure 3b . However, this view does not take into account the structure of the road system itself.
THE ROAD SYSTEM
The 'road system' consists of various types of roads (interstate highways, U.S. routes, state highways, county roads, etc.). Although it is possible to conceive of each road type as a separate class, in general it is sufficient to consider the type of road as an attribute of the class 'road'. The class road is illustrated in Figure 4a as the class 'whole roads', in order to emphasize the distinction between whole roads as features and road segments as elements of a conventional transportation network, described below.
In a classical network model, emphasis is given to the intersections between whole road (nodes, or vertices, of the road network), and to the resulting road segments connecting each pair of intersections (links, or in graph terminology, 'arcs' or 'edges' of the road network graph).
A complete view of the road system incorporates both perspectives: roads as features and roads as the building blocks of a transportation network composed of nodes and links. Roads, intersecting with each other, produce road segments which, together with the intersections, form the graph of the road network. Further, the road segments are related to the whole roads of which they are a part, sharing certain of their attributes including the type of road. The road system can thus be fully described in terms of the relationships among three classes -whole roads, intersections, and road segments -together with the attributes of each class (see Figure 4b ). Of these three, it is the class 'road segments' that forms portions of the boundaries of Census areas. As it turns out, the result presented in Figure 4b is the same for any network, as has been demonstrated in LeForestier (1979) and LeGraverend (née LeForestier) (1980) . It depends on transforming one abstract data type (intersection, which begins as a loop on the class 'whole roads'), into another (the class intersections, which constitute vertices in the graph of the road network, and divide whole roads into segments, the latter constituting the arcs of the road network graph).
CENSUS GEOGRAPHY AND THE ROAD SYSTEM
If all the Census geographic areas were bounded by roads, the problem of relating Census geography to the road network could be solved at this point by a simple extension. Regardless of the higher order structure of Census geographic areas, the fundamental unit is the Census Block, which nests into all higher level areas and is never split by any of them. Beginning with the graph of the road network (say, graph G), one can define the dual (G*) as the graph of areas bounded by roads and intersections (each such area represented as a vertex of G*), having links of adjacency defined as the boundaries between the areas (the arcs of graph G become arcs of G*). Each Census block would then be composed of one or more of the areas defined in G* The simplest case is illustrated in Figure 5 . Census Block 101 is bounded on the north by Prospect Avenue, on the east by Second Street, on the south by Glendale Avenue, and on the west by First Street. The physical block defined by the road network as block (1) is the same as Census Block 101. The definition of areas bounded by the road network results in a new class 'areas' and the extended general solution to networks of all kinds, including the areas bounded by network segments, presented by Bouille (1983) , as shown in Figure 4c . Unfortunately, the reality of Census boundaries is more complex, involving not only roads but many other kinds of features that potentially serve as the boundaries of Census Blocks. Consider hypothetical Census block 102 ( Figure 5 ). It is bounded on the north by Prospect Avenue, on the east by a Pennsylvania Power and Light Company power line, on the south by Glendale Avenue, and on the west by Second Street. It is intersected by Harry's Brook, which is not a census boundary here, but is used as a census boundary elsewhere along its course. To define the area of Block 102, it is necessary to consider all the intersections between the road network, the electric power distribution network, and the stream network. Each of these networks, of course, has its own structure, in general composed of classes, analogous to those of 'whole roads', 'road segments', 'intersections', and 'areas bounded by roads'. However, for our immediate purpose, the structure of each network considered separately is not important; rather, we are interested in a different network, composed of all the segments and intersections formed by all the features that potentially serve as Census area boundaries. The more general 'feature network' consisting of the segments formed by the intersection of all such features is illustrated in the upper portion of Figure 6 . The segments defined by the intersections of all features become the building blocks of Census area boundaries and geographic units, as shown in the lower portion of Figure 6 .
CONCLUSION
In describing the structure of the road system, obviously some information about the system is lost if it is modelled simply as a network. Conceiving of 'whole roads' as entities within a hierarchical model does not fill the gap, either. The notion of hierarchy, while tempting to apply to Census geographic units, fails to describe all of the potential relationships among elements of the latter system. Without using HBDS methodology, it would be all but impossible to include such divergent phenomena as a road network and the quasi-hierarchy of Census geographic areas within the same data structure model. Using HBDS, not only is this task made possible, but also, through such higher level constructs as 'hypergraph', 'hyperlink', and 'multilink', a generalized overview of the structure is provided, without loss of any of the detailed information concerning specific relationships of individual objects within the larger system.
